Introduction
It is cliffi.cult Lo ftscertain when the stro ng col ors on the frftcLure surfaces of pol. ,'mers were first observed. In 1956 Busse , Orowan, ft lld Neilllftrk [1] 1 exhibi ted some sur faces produced b~' fr acturi ng large notched plfttes of pol~' lll et h yl methacrylate. AbouL a ~oeftr b efore, SO lll cwlliLt morc diffuse colors 11 ad been observed on tensile s pecimens broken under static conditions [2] aL t he National Bureau of Standards [3] . Alt hough Wolock et a1. [4] ftnd BelT~o [5] both reported observin g colors associated witlt specific fracture markings, the first dctftiled discussion or t he phenomenon wa.s published by Higuchi [6] . Man~o of t he same observfttions were made indcpendentl)' and reported b)" Wolock et a1. [7] a nd Bel'r~o [8] .
It is entirel. ,o possible, of course, that color ed fr acture sUl'hces were observed earlier than th e period mentioned. Higuchi, for exam ple, indicates that t he experiments of Ben bow and Hoesler [9] must h ave produced such surfaces. Thus fftr almost all color ed s urfiLces that h ave bee n st udied h ftve been produced on p ol~'m ethyl meth acr. d ft te.
. Fracture Color Patterns
The colors arising from interference in subsurface cracks are not considered in this discussion. Although they produce an optical effect which often appears quite close to the surface its origin is obvious and easily ascertained.
There ' is considerable variety in the color patterns obtained by various fracturing techniques. Those found on statically tested tensile specimens are weak, usually located about t he p eripher~T of the mirror area and ar e found on r elatively few specimens. They ftre not u ually associated with an individual structure, s uch as pftrabolas, but cover an ftrea which encompasses a number of fig UTes or structm es without any sp ecificity of color or tint for each element. workers were more brilliant and formed bands Lranverse to the direction of fracture . Hig uchi used notched sheets 3-5 mm thick ftnd 40 mm wide . The exftct conditions of test are not described. His figmes show a variety of pfttterns. Most of t he conic scctions are din'erentiated in color from their surround a nd occasional transverse band s Cftuse a r evers})1 of colors in tll e banded ftr ea. II c fi nd s that Lhe colo rs on th e two fracturc surfaces are ge ncrallv co mp] c lllentftL' .\O ftlld th at th e red ftrCfts are raised ftnd t hc grcen are depressed r elative to l he specimen matri ,.
W olock [7J produced similft[' colors on fractll1'c sudttccs or pol.v m ct h~Tl methaclybLe pecilllcns which Imcl been broke n b.\" mpid overstrcss . Films of din'u sc color were form cd on surfaces of cast polystyrene broken in the sftme fasll ion. Specific colors, however, were not rclated to the individual stru ctures on the polyst:vrenc fracture faces . 80me-wh ftt Iftter, vVolock noted t he intense diffcren tial color produced on thc r elativel.\T SI1100Lit fr acture surfftccs of pccimell s of pol)T methyl m et IHLc l '~"la te tested for re istance to cr ack propagfttion. M.a ny of the observations to b e discussed wer e made on fractures produced in these specim ens ( fig. 1 ), which wer e broken by lo adin g through ft cross head moving ::tt 0.008 mm/sec (0.02 in. /min) . These contain four types of color pattern s or characteristics ( fig . 9 ) . The fint is observed in the slow-growth area and actually consists of two types of patterns, n amely, multicolored areas ( fig. 9b ) and single-colored areas ( fig . 9a ). The next pattern ( fig. 9c ) is co mposed of irregularly shaped elongated figures. These figures develop, in the third pattern of this series ( fig. 9d ) into oriented forms that lead , in m an~ cases, into parabolas. The last a reft (fig . ge) is darker (less reflective) with little 01' no color and containing many crowded parabolas in whi ch only the fo ci are very distinct. Th e sig nificance of the geometric markings on the Jmcture surfaces have been dealt with extensivel)" in t he liter ature [10] [11] [12] and will not be di scussed in this paper.
A characteristic blu e color is also found on fracture surfaces of hot-str etch ed polymethyl methacrylate. Th ese surfaces ar e produced by cleaving the stretched shee ts through the thickness dimension. The colors a re not associated with specific markings.
Optics of Color Formation
It can be demonstrated that the stronp;l~-colored areas of the fracture surfaces produced in crack propagation specimens are covered with a soft thin film. The presence of this fLlm is a prerequisite for the development of color. In figure 10 a soft swab has been wiped across a fracture surface with removal of essentially all of the tint. Under room conditions the color ~vill disappear from crack propagation specimen surfaces over a period of months. Th e time for color disappeltrance vltries greatly, however. Colors on ordinal"\" tensile specimens and on cleaved, stretched materiltl fn,ded in the course of a few weeks, wheren,s those of Busse et al. [1] were still intense after almost a year. Storage at temperatures of 50 to 60 °C causes rapid loss of color in crack propagrttion specim ens in well under an hour. Loss of color under these circumstances is not necessarih-associated with complete loss of the film. Even 'when tlle colors have completel.,-disappeltred ltn oil~-film still occupies the surface. The disappeltrance 01" color by ltging or heltting takes place by fading 01" the original tin t without any pronounced color shift [6, 7] .
Concentrated yn,POl"S of a number of organic solvents such as toluene and methyl chloride will often eliminate colors in a matter of minutes. Tn this case a ch ange in tint is invohTed as can be see n in figure 11 . The first color changes seem concentrated along level difference lines and a few other structures on the fracture face.
Another method of affectin g color intensity of par:ts of the film js by exposure to low pressure. ThIS can be demonstrated by placing one of the matching surfaces of a crack propagation specimen in a container maintained at appro ximately 1. mm Hg pressure. After removal it will b e found that almost all of the color is removed from the slow growth area. The color intensity oyer the remainder of the fracture is apparently the same as that of the matching surface which had been stored outside of the vacuum chamber. Microscopic examination and micromanipulation of the film on the slowgrowth area of the fracture surface indicates that this portion is thicker than the rest of the film.
The fact that much of the surfrtce is little affected by high vacuum makes it possible to apply the methods of multiple-beam interference microscopy to the study of the color phenomenon. Figure 2 is a multiple-beam interferogram of a portion of a fracture produced in a crack propagation specimen. The field shows a portion of the first parabolacontaining area. A layer of silver has been deposited over the surface film and the fringe displacement over the composite surface is shown. It would appear that the adjacent areas covered by the contribution of different seeondary fractures are consistently displaced by about 1500 1. When the color is removed by aging or heating b efore the specimen is prepared for interference microscopy this displacement r emains about the same.
Assuming first-order interference Higuchi [5] has estinlH,ted a film thickness range of 400 to 700 mf.L from the observed colors. Using a soft swab to r emove the film produces a swath with a depth of less than 200 J1lf.L in the surface as measured by multiple-beam techniques ( fig . 3 ). This exp eriment was repeated by focusing the mdiation from a zirconium arc lamp on a small area of the fracture surface un til all the color had disappeared and continuing the treatment until the film was scarcely detcetable in thc irradifl tcd portion by microscopical examination. The dep1h of the circular dcprrssion was again found to be somewhat less than 200 mf.L. Although the ftlm in the slow growth arra may exceed this figure , its sensitivity to yacuum pre\-ents direct measurement. Figurc 3 also shows the increased reflectiyity of the treated area. Apparently swabbin g or heating tends to produce a surface that is smoother than the original face of the film.
The presence of the film led Higuchi [6] , Wolock et al. [71, and Berry [5, 8] to postulate its formation by the pulling out of cha in ends and the scission of chains. Th ese segmen ts would have been extended in the fracture process and thus could have a somewhat different densitv t ha n the matrix. TIle ch ain segments in only ft ' relatively slIlltll thickness of material would be extended during the fracture process. Oriented layer and matrix would differ sufficiently in refractIve ind ex to lend tbemselves to tbe developmen t of thin film in terference as shown figure 4. In any given region, an average height would predominate which would result in the color observed. As the chain segmen ts composing the film relax, the distribution of heights remains the sam e but t he number of segments remaining in the fil m decreases so that the same color is present but is diminished in intensity. This would account for the fading obser ved with no change in color . Solvent vapors produce different changes in the structure reflected by the change in color withdrawal. The derivation of the film from the matrix would lead to a structure whose properties would differ from the matrix to the greater degree at the exposed face and tend to blend into the matrix at the other limit. Although the blending section close to the matrix could contribute to the optical effect, it would be difficult to establish its boundary by the methods described. Hence failure to realize the theoretical film thickness is probably to be expected.
Tolansky's thin film technique [13] permits corroborat,ion of this explanation of the origin of the color phenomenon with a simple model. A fracture surface witb the colors removed by aging or some other method is covered with a totally reflected film of silver in vacno. A drop of a dilute solution of Canada balsam in xylene is placed 011 the silvered surface and allowed to drain by tilting the specimen. The surface of the film of Canada balsam in contact with the fracture surface replicates the topography of the surface. The upper surface of the film , however, does not contour the fracture surface but stretches itself into a single plane for considerable distances. On illuminating such a surface two-beam interference fringes will be formed. Fio'ure 12 illustrates a portion of a fracture colored <:hy thin ;:> f f frll11 in te rfere nce. Th e wrinkling probabl.\" cau ed by solven t attack on th e silver a nd plastic s ubstrate i noticea ble bu t ot herwi se tllCre is con siderable 5il11 ilari ty to t he frac ture-produced colors. E ven th e sli g h L colorin g o bser ved in t he roug b, 101V-reflectin g zone isalmost identical (fi g . 13) wit h t hat ob ser ved on t he ori ginal fr acture surface . Co n idel"ttble fringe broad ening is nppar en t in t he in te ri'erog ra m in fi g ure 2. This is a t n m i nimum in t he initiaJ, smoo t h, slow growth area, and in crenses to wH ,rd the crowded parabola portion . An elec tron microg rcLph of these t wo ar eas, figures 5 ,wd 6, s hows the ch an ge in surface granul ari ty r espon sible 1'01' the fringe broadenin g. Although t he surffLce is s uff-ieie ntly smoo t h up t o the firs t p nmbolas Lo permit the use of multiple-beam interfer en ce, the final surface is so rou gh that the m ethod fcLil s. Fig ure 6 re \'eals t his surface to b e sculptured with tb i n leaflike proj ections. It is doub tful t ha t n fragile film in t he millimicron t hickness range could b e form ed t here. Only isolated fragm en ts of color ar e found in Lhi s nr ea .
R eplicns fo r electron m icroscopy were produced by ' Lllo wing a dilute solu t ion of m et hyl cellulose to dry on Lhe fracture surf~Lce. D espi te its limited resolu Lion , whi ch is well illustra ted in Iig ure 6, t his m eL hod was chose n bec,L use it would im pose the le,tsL ,tb use on t he p olymer lll cLtri x. On strippin g t he film from <t surface origilm lly be,u in g color , t he surface was found to b e colorless . A carbon r eplica was m,Lde from t he negati \'e and slllLdowed by YHCUum deposit,ion . The loss of color would be caused either by Lhe str ippin g of all or pm-t of t he interference film wit h the cellulosic replicn, or by disorienting it with tlte replic,Lti ng solutiol1 .
Before replicating t h e su rfaces ill fig ures 5 and 6, a n ,L[,tempL was made t o reI110\"e thoroughly t he surface film by heating for 96 It f1L 50°C . For purposes of comparison replicas were 'Llso prepltred from a surface bearino' brio·1it in Lerference colors. J n most cases t he r~li("L~"" from tile unlteated colored surfaces bore numerous droplets o\"er a considerable portion of t he fields exam ined, as in figure 7. H wou ld seem t hat n portion of t he film is remo\"ccl a nd subseque nLly disrupted by t h e replicating process . These observations, moreover, p in point one of the difficulties encountered in preparing h igh resolution replicfLs o f IL polymer fracture.
This discussion has b een limited almost entirely to polymeLhyl methacrylate. Attempts t.o produce color on a numb er of other poly mers by yary ing loading mtes and Lltennal conditions have been largely unsuccessful. However , polystyrene h as occasionally yielded colored surfaces, as sh own in figure 14 .
Color Patterns in Crazing
Niegisch [14] h as rece ntly cOlwincin gly demonstrated t he p resence of oriented m aterial in cmze cmck s pr oduced in lon g-ti me LesLs of polycarbonates. Althouglt t his polymer did n ot exhib it brittle fracture under [,he t est conditions, t lte ultimate elongation b ein g a bout ]00 percent , som e evidence of similar "cr aze m atter " in p olys tyrene and polym ethyl m eth acryla te was also prese nted . From t h ese data, Spurr and N iegisch [J 5 ] Imve offered ,LIl attr active t heory for t h e d evelopm en t a nd sLrucL ure of cra ze crack s in t hermoplastics. P robnbly t he most important contribution of t heir obser nLLions is t h e support t h ey provide for the con cl usion t hat the appeara nce of cmzing does no t m ean t he end of stru?tural integrity or continuity in th e stressed sp eCImen.
The m atter in polycarbon ate crack s is visible by differ en ce in r efractiv e index probably coupled wit h some sca ttering from micropores . However , durin g some rou tine tests of stand ard te nsile specim ens [2] of acrylonitrile-styrene copolym er , a s triking color phenomenon was also noted in the craze crack s of this m aterial, as seen in figure 15 . These sp ecimens wer e inj ec tion molded and the stressed skin was app ar en tl~T responsible for th e form a tion of in ternal crack s which sometimes en compassed one-half or more of th e sp ecim en cross section . These tensile sp ecimens, wh e n lo aded at n h ead speed of 0. 008 mm/sec have the lo ad-elongntion ch aracteristics shown in figure 8 . Th e lar ge in tern al cmcks sudd enly nppear appar ent ly full grown at th e top of th e stmigh t line por tion of th e curve bu t withou t any disco nLinuities in loading. U l ti mate failure occurs t hrough one of th ese large cracks.
1t Wil S ori gin all~' assumed thnt t h e optical eA'ect was due Lo a n inter ference system involvin g a void.
On examining the fmc ture surface, however, it was found Lhat a pattern sill1iliu-to th nt noted ill the intact cmze crack s WH.S fou nd on one s urface or pnrts of one surface, as s hown in fLgure 16. The matching surface was d evoid of color. Colors observed in th e intact cr acks <ne m ore intense than Lhose found 011 fracturc surfaces . Critir-fLl microscopical examin ation esLablished the prese nce of a film on Lbe color-bearing sur facf'. U nlike t he :film found on pol. \"ll1e t hyl m eLhilcl".d'LLe fmcture surf,tces, the film is inLegral a nd s hems cleiLnl.\" from one of th e crack faces. Edges of Lhe film iLl'e someLimes cuded fr ee of t he matrix: on which Lhey lie but Illechanical r emoval of nll~" signific a n t a mount of film appears impractical.
If the film-bearing surface of the fmcture is examined at higher mag nification , some nddiLional details can be resolved. As in the intact cracks the peripheral area of the fmctured craze is covered with fringes of equal thickn ess . The film in fi.gure 17 b ears first to fo m th order colors which indicates a thick ness of approximately 2)1.. Thicknesses of thi s magnit ude are not un co mmon although many cracks with m u ch thin ner films are found . Tn general , however, the film is mu ch thick er Lhan Lhose found on the Jmcture surfaces discussed in the earlier section.
T he center of the fUm-b earing ar eiL is likely to show 1110re disorder. Colors are brig h t and the fringe p attern has contours Litat seen.l unrela ted to. flim thickness. Such an ar ea occupIes about httlf the field in figure 18 . The fUm is wrinkled and s tretch ed, especinlly in t h e regions surrounding th e small holes. Evidently it has been slightly dislodged from the substrate during fracturing.
In a few small areas the conic sections characteristic of brittle failure sculpture the face of the fractured craze crack as shown in figure 19 . If th e crack surfaces are connected by a thin layer of oriented molecules as originally suggested by Bessonov and Kuvshinskii [16] and developed by Spurr and Niegisch [15] , the connection may not be as tenuous as might be suggested by a consideration of the properties of the film on polymethylmethacrylate surfaces . Besides its association with t he brittle mode of failure, the crack material is much more resistant to heat, aging, and solven ts. Exposure in an oven at 70 DC for 48 h produced little change in the appearance of the film on the acrylonitrilestyrene copolymer fracture surface. Prolonged heating at this temperature caused some fading of the colors and a great increase in the pitting, which is visible in the periphery of the film in figure 17 . Colors in the in tact cracks were unaffected by ·weeks of heating at 70 DC or exposure to solven t vapors that did not cause gross matrL'C deterioration. Spurr and Niegisch [15) detected "craze matter" in cracks of polystyrene ftnd polymethyl methacrylate. Its presence was much more difficult to demonstrate than in polycarbonate and it was possible to record photographically. Recently,however, tho description of the work of BessonO\T and Kuvshinskii [17) became available. They hftd observed phenomena closely related to those described in our acrylonitrile-styrcne copolymer in specim ens of " annealed polystyrene." Their specimens with a section of 2X 2 mm and a free length of 15 mm were maintained at a temperature of 110 DC for 30 min and then cooled rftpidly by plunging them into liquid nitrogen. These specimens. were then loaded to failure at a rate of deformatIOn equal to 0.04 mm/sec. The pretreatment resul ted in the formation of a stressed skin and a 20 percent increas in tensile strength. Failure was preceded by the formation of large in ternal cracks as in the acrylonitrile-styrene copolymer. They report that the material filling these cracks remains on the fracture surface. Part of this forms interference fringes and clin gs to the matrix but part can be stripped. They sugaested that the film consists of the bundles of line~r polymers discussed by Hsiao ana Sauer [18) and Kargin et al. [19) .
Since certain details necessary for comparison with previous results were not given in this report, the work was repeated using standard tensile specimens [2) . The preliminary heating was extended to 2 hI' in view of the larger cross section. These specimens were loaded to failure at a head speed of 0.008 mm /sec Large internal cracks formed shortly before failure and failure occurred through cracks encompassing one-third to one-half of the cross section. No color phenomenon was visible in any of the cracks on gross examination.
On microscopically examining the fracture surface a few faint interference bands could be observed. The film responsible for these adhered strongly to one of the surfaces. The remainder of the crack was partly covered on both faces by a transparent film. The film was partly detached and partly loosely attached to the surface. It was easily stripped and pieces 5 or 6 mm 2 were removed with forceps. The film was lower in refractive index than the matrix. It appears to have good physical properties and the relatively large areas available should permit the use of transmission electron microscopy, infrared spectroscopy, and other instrumental techniques in elucidating their structure and mode of formation.
Attempts to produce large cracks in specimens of polymethyl methacrylate by this technique have thus far been unsuccessful .
Summary
Thin layer s derived from the matrix are produced in the fracture plane of some polymers prior to ultimate failme. A certain amount of the evidence would indicate that these layers consist of an oriented array of molecules. Fracture isolates these molecular segments in a thin film with physical properties differing from that of the matrix in which they originated. These films produce interference phenomena which in some cases are useful in elucidating structure and origin.
The snggestion has been made that these oriented layers provide structural continuity in polymers after optical inhomogeneities are produced by stress. This is supported, at least sup erficially , by observations on polycarbonate and acrylonitrile-styrene copolymer. In these materials intact craze cracks appear to be filled with homogeneous or oriented material. The film observed in intact cracks of "annealed" polystryene, however, shows some disorder. Folds and wrinldes are almost always present and it is difficult to attribute any load-bearing function to this structure.
It is possible that the two types of film form ation may not be as closely related as has been ass~med during much of this discussion. Further expenm~n tation may provide the necessary data for supportmg the asswnption. If the mechanism proposed for the formation of these films is correct, we would expect to detect them on a wide range of polymers when failure is produced under suitable conditions. The search for, and study of, these films is continuing. 'fhe area shown is frOlll the crowded parabola region.
FIGURE 7. Electron micrograph of a replica of a fracture swjace of polymethyl methacrylate broken by rapid overstress .
The surface is covered by droplets derived from the surface film. I"
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Area of crowded parabolas on a frac tll1'e sll1jace p1'Oci1lced in a cracle 1J1'opagation s pecimen of polum ethyl methaC7"ulate.
The m atching faces a rC' s id e by side.
F I G U R E 10 . A"ea of the pambola-b earinr/ region on the SlI1jace of a fmctw' e produced in a cracle p"opagation s pecimen of polumethul methar-rulate.
A soft swab he)S prod uced s wttths through the s urface fili I! . Note tho loss of color in th e s waths w hich hase not d istur bed the geolllC'tric stru ctures.
FIG URE 11. P aTt of th e swJace of a ,{TactuTe pToduced in a cmck pTopagation s pecimen of pol ymethyl methaaylate.
The surface shows the effect of ex posure to vapors of methyl chloride (upper ha lf). The lower sect ion is t.il e untreated matching surface.
FIG URE 12. FTacture surface co lOTS produced by thin-film interference.
A renoc ti.n g layer of silver was deposited on th e fracture s urface in vacuo and s ubsequently a thin solution of Canada balsam was deposited over the s ilver. Vol. 67A, No.6, November-December 1963 Publications of the National Bureau of Standards* Selected Abstracts
On the index of refraction of air, the absorption and dispersion of centimeter waves by gases, G. Boudouris. Tmn slated from French by G. Wm. Curtis, J. Res. NBS 67 D (Radio Prop.) , No.6, (Nov.-Dec. 1963) . The index of refraction, the absorption and di sper sion are studied for several gases and vapors (pressure from 0 to 1 atm, temperature from 0 to 50° C, frequency from 7,000 to 12,000 Mc /s) . The first part is devoted to a description of the microwave spectrometer used, while the second part is a survey of the several theories implied ill the interpretation of the res ults. In the third part, we present first the results concern ing the index of refraction of atmospheric gases, of dry air, and of damp air. Then we study the absorption and d ispersion by several vapors, and of ammonia and chloroform, principally. Finally, we indicate a new mcthod making use of gaseous mixtures. Our original results are d isc ussed and presented within the frame of reference of works of other authors by means of comparison and intensive bibliographies.
Tensile and impact properties of selected materials from 20 to 300 o K , K. A. Warren and R. P. Reed, NBS Mono. 63 (J une 28, 1963) , 35 cents. The tensile and impact properties of str uctural materials were ex peri mentall y determined at temperatures from 20 to 300 oK. Te ns ile properties of a few materials were also determined at 4 oK . The materials included forty-two commercial alloys of iron, aluminum, t itan ium , copper, n ickel, and cobalt, and two metal-bonded carbides. The properties experimentally determined were the y ield strength, tensile strength, elongation, and red uction of area, the stress versus strain curve, and the impact energy. The test equipment and procedures are desc ribed. The individual data are presented in tables, and the average results are displayed in graphs.
Refractive indices and densities of aqueous sol utions of invert s ugar, C. F. Snyder and A. T. Hattenburg, NBS Mono. 64 (June 7, 1963) Impedance of commercial LecJanche dry cells and batteries, R. J. Brodd and H. J. Dewane, NBS T ech, Note 190 (July 5, 1963) , 40 cents. An extensive study of the impedance characteristics of the most commonly used sizes of commercial Leclanch6 type dry cells and batteries has been made through the frequency range of 50 to 50,000 cycles. Changes in impedance due to agin g and use were determined. Open-circuit vol tages and flash currents were measured, and capacities determined on standard tests in an effort to find a possible correlation between any of those three parameters and r esidual capacity. Data obtained are displayed in tabular form and on Argand diagrams.
Tables describing s mall-sample properti es of the mean, median, standard deviation, and other s tatistics in sampling from variou s di s tributions, C. E isenh art, L. S. Deming, and C. S. Martin, NBS ' Pech. Note 191 (J une 14,1963) ,20 cents. This n ote includes a collection of tables usefu l for study of the sampling d istributions of some frequent ly-used statistics, with b ri ef d iscussions of their construction and use. (1) The probabili ty level P«,n) of any continu ous parent distribut ion corresponding to level < of the distribution of the median.
(2) Probability points of certain ample statistics for sam ples from six di stributions: normal and double-exponential (mean, m edian), rectangular (mean, median, midrange), Cauchy, Sech, Sech 2 (median). In all the above tables, the sample size n = 3(2) 15 (lO) Plans are proposed for a National Standard Reference Data System that will provide criticall y evaluated data in the physical sciences on a national basis. It will be conducted as a decentralized operation across the country, with central coordination and administration by NBS. Data will be centrally stored at NBS and disseminated through a series of services tailored to user needs in science and industry.
Microwave spectrum of te rtiary butyl chlor ide, A. Comparison of tertiary butyl structures, D. R Lide, Jr., and M. Jen, J. Chem . Phys . 38, No.7, 150J,.-1507 (Apr.l,1963 . The rotational constants of (C12H3)aC1ZCI35, (C1ZH3)3C12Cj37, CI2T-I3l 3CI3Cp5, (CI2 H 3hC13C13', and (CI3H 3) (C I2H3h(C I2 CP5) ha\'e been measured. The 1', structure of the t-bu tyl chloride skelcton calculated from these constants is : r(CCI) = 1.803 ± 0. 002 A, r(CC)= 1.530 ±0.2002 A, LCCC=110.9°±0.1° . The quadrupole coupling constant for Cl 35 is -66.9± 1.5 Mc. The structures of a numbcr of t-bu tyl compounds arc comp ared. The t-butyl group is practically unaffected by substitution, while the CX bond in (CI-I3)3CX is systematically longer than in CH3X molecules. Conventional concepts of valence theory do not provide a satisfying explanation for this behavior.
Calorimetric calibration of the electrical energy measuremen t in an exploding wire experiment, D. H. T sai and J. H. Park, Exploding Wires 2, 27-107 (Plenum P ress, Inc., New Yor/c, N .Y., 1962) . A discussion is presented on the requirements and methods for measuring the current and voltage during the transient discharge of a capacitor bank being employed in an exploding wire experiment. A method is described for acc ur ately ealibrating the m ea sured current, voltage, and electrical e nergy b y comparing t he calorimetri c heating of a resistance element of essentially constant resistance with the electrical energy dissipated in t he element. R es ults show t hat the accuracy of the energy measurement is about 1-2%. (1963) . M e mbrane pote ntials have been measured for the cells AgAgCI(XI), NaCI(l -X I) vycorglass AgCI (X2), NaCI(1-X2)Ag. In contrast to t h e simple liquid junction whose potential is zero in this system (the tra nspo rt number equals the mole frac t ion), most of the current is carried t hrough the glass by the sodium ion and tNa+= 0. 95, ltldependent of melt compOSItion. Cells in whi ch XI~l , i. e. r cagent grade AgCl, also operatc as concentration cclls with a N a+ impurity (XNa + ~ 2 X 10-4) . The use of thcse cells for reference electrod es is disc ussed.
Electron spin r eso nance spectra of aged, ' Y -irradiated polystyrenes, R. E. Florin, L . A. Wall, and D. W. Brown, J. Polymer S ci. Pt. A. 1,1521 Pt. A. 1, -1529 Pt. A. 1, (1963 .
The electron spin resonance spectrum of polystyrene which has been 'Y-irradiated at -196°C changes gradually fro m a broad three-peaked structure with outer derivative p eaks at ± 46 gauss to a much narrower structure with poorly separated outer derivative peake at ± 21 to 24 gauss . The de ute rated polystyrenes behave likewise in general. T he aged radicals of a , i3,i3~trideuterostYTene and i3~i3 dideuterostyrenc exhibit only a slllgle peak WIth del'lVatlve maXIma at ± 7 or 8 gauss from center. The aged spectra are all consistent with the hypothesis of major h yperfine interaction with i3 hydrogens . During the ag i~g about 80% of the or i~in al radicals are lost, but the r emaillder are very long-lIved. Poorlv evacuated samples or those with added benzene decay much more rapidly.
Numerical computation of time-dependent properties of isotopica ll y disordered one -dimensional harmonic crystal lattices, R. J. Rubin, J. Phys. Soc. Japan 18, S u ppl. II, 68-69 (1963) .
. . . . . The prinCipal purpose of tIllS. work IS to lllve stIg~te nU!l1en-cally the statistical dynamIcal properctles of I sot~plCally disordered harmonic crystal lattICes . rwo properties are studied in detail: 1) The decay of initial periodic di sturbances (~h(T) which are normal modes of t he same lattice stru~ture when all particles have the Rame mass; and 2) t he dIpole moment correlation function (il(o) Symmetry conditions for internal friction caused by jumping of point defects in crystals, J. B. Wachtman, Jr., and H. S. P eiser, J. A ppl. Phys. Letter 1 , No.1, 20-22 (Sept . 1962) . Symmetry condi tions for the existence of internal friction are given which require only a knowledge of the behavior of a defect-free crystal under strain and a knowledge of which sites t.he defect occupies. These conditions predict that in rutile und er stra in 'xx oxygen vacancies should not and t itanium interstitials should produce internal friction. An observed internal friction peak suggests the existence of t itanium interstitials . in li ghtly reduced rutile.
Measurement of the lattice constants of neon isotopes in the temperature range 4°-24 OK, L. H . Bolz a nd F . A. Mauer, Proc. 11th Annual Conf. Applications of X-ray Analysis, Denver R es. In st. (P lenum Press, I nc., New Yo rk, N. Y. , 1962) . Us ing an X -ray d iffractometer cryostat, the lattice constants of the isotopes 2°Ne and 22Ne as well as the naturally occurring mixture have been m easured throughout most of the temp erature range in which they exis t as solids (0° to approximately 24 OK). The heavier isotope has the small er lattice constant, the values obtained at 4.2 OK being : 2oNe-4.4624 A, 22Ne -4.454o A, and natural neon -4.4622 A. The absolute error in these values is believed to be no gr eater than 0.001 A. The volume expansion coeffi cient, which does not appeal' to differ signifi cantly in the three cases, increases to a value of 6.3 X 1O-3jO K at 24 oK.
Design of an interferometric oil manometer for vacuum measurement, A. M. Thomas, D. P. Johnson, and J . W. Little, 1962 T rans. Ninth Nall. Vacuum Symp ., Am. Vacuum Soc ., pp. 468-473 (1962 . T he oil manometer under di scussion is one wh ich uses an interferom et er to measure the changes in height of the oil w rfaces as a change in press ure is applied. Jnterference fringes are d eveloped between the lower surface of an optical flat and the oil surfac es of the m anometer. Di-octyl sebacate is distilled into t he manometer after outgassing the system anel' oil. A fringe shift of fifty-fi ve fringes is produced by a pressure of 10-3 torr. A sensitivity of 2 X 10-6 torr can be attained by detecting a shift of one-tenth of a frin ge.
Analysis of the third spectrum of praseodymium, J. Sugar, J. Opt. Soc. Am. 53 , No.7, 831-838 (July 1968) . The spectrum of doubly-ionized praseodymium was recorded and analyzed, with the result that 118 energy levels of odd parity and 130 levels of even parity were derived. These include nearly all the levels of the 4j3, 4f25d, 4j26s, 4j26p configurations as " 'ell as some low levels of the 4f5d 2 and 4j26d configurations. Electrostatic and spin-orbit parameters" ere d etermined for the 4f26s configuration. From the hfs of the 4f2 6 s levels, a magnetic dipole interaction constant of 0.46 cm-l was obtained. An iOlli zat;on potential of 23.2 volts was calculated from levels of the 4f 2 5d and 4j26d series.
Photodisintegration of light nuclei, E. Hayward, R ev.
Mod. Phys. 35, No.2, 324-331 (Apr. 1963) . The data from some recent experiments on the photoeffect in light nuclei (Z= 6-20) are summarized. It is sh~ 'n that the ~o -called giant resonance for these nuclei really consists of the superposition of many reso nances, more than is consistent with a simple shell-modeL The absorption cross section integrated over the giant r esonance "aries from 50 to 90 percent of the classi cal dipole sum, a large fraction of the nuclear oscillator stl'el1Q;th being associated with the high energy quaside utcl'on effect. Very low temperature data. Properties of paramagn e tic salts, R . P . Hudson, .I1 [P [-Iandb. 2d Ed. S ec. 5g, pp. 222-223 (1963) . . . .
A rev ision of Section 4b of th c Amcn can Inst lt utc of PhysIcs
Handbook on the propert ics of paramagnctic sa lts at vc ry 101V tempe'ratures, has bce n madc. Thc orig in a l d isc ussion h as bee n com pletcly r C\Vri ttell a nd brought lip to date, ~nd extended to other substa nces whic h have r ecf' ntly acq uired importa nce .
Collective correlation or plas ma, C . M . Tch cn, Czechoslovak J . Phys., P ,·oc. 2d Conf. Electronics XXI, No. 5-6, 516-521 (.I1 p1".1962) . T he o nc-pa rt icle d ist ribution fu nction is described b y t he BBGET equat io n, wh il e t he co rrelation function is determined by an rq uation of thc Vlasov ty pc (w it h sclf-consiste nt fi eld, but wit hout colli sion). Oscill at ions of small amp ll t udcs arc consid cred. The dispersion r elation is obtained , and t he Landau da mp ing is calcu lated.
Pressure broad ening as a prototype of relaxation , U. Fano, P hys. R ev . 131, No. 1, 259-268 (J 1Liy 1, 1963) . The t heoretical res ults of BaT'anger, K olb and Griem on press ure broadening are rederived b y a more co mpact an d fl ex ible procedure d irectly appl icable to other relaxation processes. Pi'ess ure broadening is worked ou t to first order in the press ure, in clud ing prev iou sly di sr egarded corrections. The procedure a da pts t he co ncepts and techniq ues o f scatteri ng t heory to t h e Louville r epresentation of de nsity matrices. Its key qu antity is a fr equ ency depen de nt rclaxation operator < N[c(w) > in troduced by Zwa nzig.
The atomic s pec tra of the rare earths : their prese nce in the sun, C. E. Moore, . I1ppl. Opt. 2, No. 7, 665-674 (J u ly 1963) .
A summ ar y of t he prese nt state of a nal ys is of t he first and second spectr a of t he r are-earth elements is prese nted w it h an extensive bibliogmphy. The astrophys ical im portance of these spectra is stressed. Co unts arc give n of t he number of lin es of each rare-eart h s pectrum ident ified at present in the accessible solar s pectrum. Most of them appear only in the s in gly-ionized st ate; exce ption s ar e E u T, Tm r? , anc~ Yb 1. The possible presence of the stron gest laboratory 1ll1e ~f CO III in t he solar spec trum is suggested. If correct, t hiS IS t he fir st evidence of a t hi rd spcctrum oline in t he accessibl e range of the solar sp ectrum (A > 3000 A).
The conductive-disk method of m easuring the thermal conductivity of in sulation s, II . E . Robinso n, Suppl., B ull. I ntem. I nst. R efrigeration, Annexe 1962 -1, 43-50 (Aug. 1962 .
A comparative m ethod of a new type for determinin g t he t herm al conducti vi ty of isotropic insulations is d escribed .
It employs a circular di sk of a m aterial of su itable condu ctivity and t h ickness which is sandwi ched between two fl at speCImens of t he m'aterial to be meas ured, t he outer faces of whi ch are p ut in co n tact \vith unifor m-temperature coolin g plates. The rim of the di sk is heated uniformly, and as a resu lt of h eat flow from t he d isk t hrough t he specimens to th e cooling plates, the steady-state te mperature of t he disk decreases toward its center. Meas urements are ma de of th e surface temperature of the disk at its cente r, a nd at a suitable radius, and also of that of t he cooli ng plates. The cond uctivity of the specim en is determined from t h ese data! ~ogether w!th the dimensions of the system a nd t he co ndu ctiVity of the dIsk material. If the conciu ctivity of the disk materi al is not known , a cali bratio n curve for t he disk c~n easily be developed by means of a few tests made o n specImens of known conductivity.
Electron affinity of atomic iodine, B. Steiner , M . L. Seman , and L. M. Bransco mb, J. Chem. Ph ys. 37, No.6, 1200 -1 202 (J une 1962 . Photodetachment of 1-ions has been observed in a crossed beam l:periment. The appa ratus used was ess~nt iall y similar to that in previous photocletach ment expeflmen ts. Use of four Sharp Cut fil ters provided good "eff ective" resolution close to thres hold but did not permit an i ndependent determination of the behav ior of t he cross section as a fun ction of wavelength. A ste p fu nction cross section, shown by Berry and co-wor ker s to approximate closely the true cross sect ion b ehavior, was used to provide a n upper energy li mit 641 699-332-63--10 to t he electron a ffini ty shown to be close to the act ual valu e. The va lue of the electron affini ty t hus d ete.-mined, 3.076 ± .005 ev, is in excell ent agree ment with t he shock wave deter min ation of Beny, 3.07 4 ± .003. The absolute magn itude of t he cross sectio n in t he region 0.3 ev a bove t hres hold was determined to be 1.5 ± 0. 8 X 10-17 cm2• Field-emission study of carbon monoxid e on tantalum, ll . K lein and L. B. Led er , J. Chem. Phys. 38, No.8, 1866 -1872 (A p?' . 15, 1063 . Ads orbed carbon mono xide s how t hree states of binding on tantalum. Th e weakest of these is desorb ed at te mperatures above 125°K with no obser vab le surface migration. The bond ing with th e surfa ce is of th e Van del' ' Vaal's type. Thi~ is in contrast wit h thc seco nd state, which is chcm iso rbed above G50 oK . Th e th ird state is d issoc iated before d eso rpt ion to give the oxygen on tantalum pattern. Surface m igration involvin g the second a dsorbed state occurs with an activation energy of :3 k cal. The wor k fun ction of a carbon monoxide covered ta ntalu m surface, obtained by s preading a CO shadowed t ip at 40°1(, is 0.8 ev greater than t hat of the correspond ing clea n tantalum . Fowler-Nordhcim plots of clea n a nd s hadowed t ips show t hat at least under t hese conditions t he infini te fi eld extrapolation of In i j V 2 is p roportional to the em itti ng areas, F ield e mission observations of carbon on tantalum , R. R lein and L. Led er, J . Chem. Ph ys . 38, No.8, 1863 -1866 (A.pr . 1963 . The carbon-ta ntalu m system, observed w it h fi eld emission, shows the temperat ure effects o n t he solub ili ty a nd prec ipitation of the carbide ph ase. Ca rbon, o nce deposited on tantalu m, ca nnot be remo ved by hi gh t emperat ure t reatme nt, as in t he case of t ungsten. 'Wi t h 101V carbon contam ination th e 334 p lanes appear as dark a reas, just as for carbo n on t un gste n. At te mperat ures in t he regio n of 950 0 K, platelets, pres umab ly Ta2C, form ancl mi g rate to t he [Ill 1 zones of the emitter sing le crystal t ip. The e ne rgy of activation of t hi s surface m ig ration process is 54 k ca l. (Ln 18, Suppl. II, 152-160 (1963) .
E lectrical conclu ction mcc han is ms and defect str ucture are st ud ied by m ea s urements of t he H a ll coe ffic ient and electrical resist ivity from ~OooK to about 2°K, for sa mples of reduced rut il e with pll c (300 0 K ) ,....., 1 to 5 ohm-c m. Virtually identical res ults a re obtained for samp les reduced in vac uum at 1000°C or hydrogen at 600°C. T he an isotropic nature of the Hall coeffic ient and resistiv ity te nsora (with two ind ependent elements in each for th is tetragonal syst em) is taken into acco unt. The data are suggestive of cond uction i n impurity levels at ve ry low te mperatures « ,....., 4°K ), a narrow Ti 3+ co nduction band (No.1) at low temperat ures (",7 -30 0 K ) and addit ional contributions at inter med iate temperat ures ('" 30 0 -300 0 K ) from another T13+ conduction band (No.2) . R ecent evidence concerning t he defects i n redu ced rutile is di sc ussed ; it appears that most of t he data are more consist ent with a model of T i3+ ions at interstit ial posit ions which act a s d onors than with a model of oxygen vaca ncies, as concluded p reviollsly by severa l authors.
New autoionizing atomic energy levels in H e, Ne, and A, R. P. Madden and K . Codling, Ph ys. Rev. L etters 10 , No. 12.516-518 (J une 15, 1963) . The NBS 180 Me V electron synchrotron has been used as a co nt inuum lig ht sO llrce for abso rp t ion spectroscopy in the A180-470A region. Two-electron transitions to states wh ich a utoionize have been observed in I-I e; transition to auto ionizing states have also been observed in Ne and A.
A modification of the Born-Mayer pote nt.ial function as applied to the crystallin e alkali halides, T . B. Douglas, J . Chem. Phys. 38, No. 10, 2461 -2466 .
In a n atte mpt to impro ve the applicability of the Born-Mayer equation to more extreme co ndition s than those in the pure a lkali halides, t he re pulsion co nstant p is assigned values different for li ke and unlike ion pa irs in s uch a way that large nevi rit ions from the observed compressibilities of the li thium hali des att ributab le to mark ed anion-anion repulsion are removed. It is then found that t h e " basic rad ii " can be assigned valu es which give latt ice paramete rs in excellent Itg ree ment \\' ith the ex p erim enta l ones, and that the calclllated electron a ffiniti es still agree approximatel.v with the most precise di rectly observed valu es. A gen eral condition imposed by t he Bo rll-Mayer eq uation is pointed out which is not satisfied by the nata for several of the a lkali halides.
Microbalance techniques for high temperature applicationsfurther developments, N. J. Carrera and R . F . Wa lker, Book, Vacuum JlIIicrobalanee 'i'echniq1tes, 3, 153-1 77 (Plenum P ress, i nc., New York, N.Y., 1963) .
A desc ription is given of recen t improvements to and pla ns for It microbalance technique for st ud y in g the rates of vaporization of refracto ry substances, ge nerally in the t e mperature ra nge of 1600-2.~00° C. An ion pumpin g system is described which p ermits the attainment of 1 X 10-9 torr without b a keout . The apparatus, apart from the pump, ran be co mplC'tcly enclosee! in a bakeout oven to attain still lower residu al pressures. The d es ign of a "ariable-capacitance recording system for the Gu lbransen-type microbalance has commenced, a nd prelimin ary features of t hi s system a re presented. It has been found possible to in clun e a blac k body hole in the small sampl E' S suspended from the microbala nce, thus impro ving the precision of t e mperature meas urements . So me preliminary work on the a ppli cation of reimaging techniques for the heating of samples is a lso described.
High resolution spectra in the region from 2 to GIL, E. K. Ply ler and E. D . Tidwell (Proc. Intern. Jl!fol ecular Conf.) , Book, Ad1'ances in i\folccular Spectroscopy, pp . 1336 -1342 (P ergamon P ress I nc., N ew York , N.Y., 1962 .
A grating spectrometer has been built which has hIgh r esolution in the region from 2 to 6IL. Three gratini!S a rc used to cover the region and t h ey have 7500. 10,000, a nd 15,000 lines/in. a nd their ruled area is a bout 5X 8 in. The in st rument ca n be used single pass or double pass . U nd er the most favo ra bl e co nditions p a rti al resolution is obtained of lines separated by 0.025 cm-I. The absorption spect ra of several polyatomic molecules ha\-e been m eas ured a nd mol ec ular constants calcula ted. This report di sc usses the s pect ra of the :lv, ba nds of f1uoroform a nd chloroform . :Vlolec ular co nstants of f1uoroform h aye been calcul ated from the spectra an d h ave the followin g valu es, "0 = 2710 .255 em-I, 8" = .3452 1;, B' = .344526, D= 3.975 X 10-7 Theory of the electronic polarizabilities of ions in crys tals: Application to the alkali halide crystals, A. R . Ruffa, Phy ... Rev. 130, No.4, 141 2-1423 (Jl!Ja y 15, 1963) . A theoretical estimate of the polarizab ilities of ions in the al kali h alides is made by means of a procedure based upon the product approximation which distinguishes the ioni c co nstituents in the crystal but a ll ows for their overlap a nd mutual inter action. Analys is by means of the Thorn asKuhn sum rule is used a llowing the sum representin g the ionic polarizability to be represented by one effective pm'ameter, which is calculated for the free ion s from the Pauling theoretical values. The change in this parameter when the ion is transported into the crystalline env ironment is estimated by a n e nergy level a nalysis used previously by Seitz. It is shown that this procedure accounts for most of the quantitative features of t he polariz a bilities of the alka li halides. Moreover, the impli cations of these results are strongly at variance with the u sual view concerning t he pol arizab ili ties of ionic crystals, s ince the additi vity rule a ppears as an accidental res ult of the qualitative similaril y of the interactions in m any crystals, a nd the possibility of large flu ctuations in the polarizabili ty of a given ion in different crystalli ne euvironme nts is mad e evident.
Atomic flame r eactions involving N-atoms, H-atoms and ozone, D. Garvin a nd TT. P . Broida, 9th intern. Combustion Symp ., pp. 678-688 (1963) .
The low press ure reaction between H, Nand 0 3 h as been studied by em ission an d a bsorption sp ectroscopy . vVhen a ll t hree of t h ese reactants are prese nt together two types of fl a mes are for med. One of these, a pink brush-like r eaction zone represents a low temp erature regim e, while t he other, a well formed white li a me is probably a hi gh te mperature phenomenon. E lectronic spectr a in emission of OH, NI-I , NO a nd N, (1st positive) are found in t he former . The latter has the same ban ds plus e mission from KH, and the OH vibration-rotation bands.
J
The reaction mechan ism is discussed. I t is shown that H-ato ms ser ve as a catalyst and suggested that vibratio na lly .d excited on is responsible for the form ation of NH an d excited nitrogen mol ec ul es (B 37r) Infrared s pectrum of acetylene-d " W. J . L afferty, E. K. Plyler, and E. D . Tidwell, J . Chem. Phys. 37, No.9, 1981 -1988 (Nov . 1962 . The hi gh resolution absorption spectrum of C,HD has been studi ed in the 1900 to 3400 cm-I region. Several bands at lower fr eq uenci es have been examined with medium r esolut ion. Ninet ee n bands were a nalyzed for their rotational constants. Comb in ation differen ces of four transitions fr om the ground state were aver aged a nd the rotat io nal constants Bo= 0.99156 ± .00004 cm-I and D o = 1.17 ± .07 X lO-6 cm-I obtained. This B o valu e together with those recentl y ob-.;; tained for C,TI, and C,D2 have been used to calcu late t he I ground state an d equilibrium state bond di stances of the acetylen e molecule. Th e I-doubling constants for the degenerate modes were determined to be q, = 4.4zX 1O-3 cm-1 and Q5= 3.6 X 10-3 cm-I • The fr eq uenci es of the bendin g modes have been calculated by use of difference bands to be vl, = 518.38 cm-I a nd vI5 = 677.77 cnrl .
Audiofrequency dispersion effects in lanthanide salts at low temperatures, R . P. Hudso n and B . ' V. Mangum, Book, 111 agnetic and Elecl1'ie R esonance and R elaJ; ati on, Ed. J. Smidt, pp. 135-146 (North-Holland P ubl . Co ., AmsteTdam, Th e Neth erlands, 1963) . M eas urements ha ve been made of the quadrature components of the audiofrequency s usceptibility of three rare-earth paramagnet ic salts in the liquid helium region and in th e presence of an external magnetic fi eld. The s usceptibiliti es and derived values of the spin-lattice relaxation t im e arc compared with theo ry and suggestions put forward to ex plain majo r anomalies in the case of dysprosium ethylsulfate . An LCA O-MO-SCF study of the structure of HO" M. E. Boyd, PTOg1' am Comm. Intern. Symp. on .}lol eeula!· Structure and SpeciT08eopy, pp. B 404-1-B 404-4 (Science Council of Japan, Tok yo, 1962) . A priori computations by the self-consist e nt fi eld mol ec ular orbital method ha ve been performed on the radical I-IO, in an effort to determine its geometry. For a lin ear co nfi gura t ion the energy was computed as a function of internuclear di stances. Fixing these at the valu e giv ing the lowest enp rgy, ealcuiations were performed of energy as a fun ction of the ROO angle, and gave an en ergy minim um for an isosceles t riangle geometry having D(Oz-H ) 4 c.v . a nd an ionization potential of 10.95 e.v. in r easonabl e agreement with mass spectrometer data. D e penoence of the electrical conductivity and thermoelectric power of pure and aluminum-doped rutile on e quilibrium oxygen pressure and temperature, .T. Yah ia, Phys. R ev . 130, No.5, 1711 -1719 (J une 1, 1963 . Se\'eral defect models for the production of ch argrd carr iers in pure and Al·doped rutile are di sc ussed in th is paper. For the case of pure rutile, it is shown that t he anion-vacancy model docs not lead to the observed pressu re dependence of the co nductivity whereas the tita nium interstitials model does lead to the proper result. For the case of AI-doped rutil e, the anion vacancy model combin ed with a cer ta in choice of reaction constants gives a pressure dep endence of the density of electrons (and holes) that is close to that obser ved . The titanium interstitials model is not solved explicitly for this case (as for the an ion vacancy calculation) but it is sh own that it may give ri se to the right pressure '< dependence of the electron and hol e co ncentration. The m o is deduced, ass uming hi gh te mpera t ure pola r scatterin g to take place. Th ese hole mobiliti es a rc co ns id era bly large r than those exp ec ted for electrons at those te mpera tures. Wheelon . R a d iation in a lossless m ag neto-ioni c medium a t frequencies hig h relative to t he electron gyrofreque ncy. J . W . M a rini . R a diation through cylindrical plas ma sheaths. J. H. H a rri s. Cha rt for det crmining the effccts of ionospheri c tilts using a n id eali zed mod el. T . A. Croft and R.. B . F cnwiek. R efl ection of VLF ra dio wa ves from a n inhomogeneous ionosphere. Part III. E xponential model with h yperbolic t ra ns ition. .T. n . vVait and L. C. Walters . 
